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Japanese Patent Laid-Open No. 118961/1997 

[Title of the Invention] 

Ferritic stainless steel of excellent workability and 
heat resistance 

[Abstract] 
[Subject] 

This invention intends to provide a ferritic stainless 
steel of excellent workability and heat resistance as a 
material used, for example, in automobile exhaust systems. 
[Means for Solution] 

Suppression for the lowering of high temperature 
strength in high temperature use and improvement of workability 
are made compatible with a steel comprising C: 0 .0030% or less, 
N: 0 .0050% or less, Nb: 3 x 93/12 x C+93/14 x N-1.0% in which 
FeaNbjC is formed as Nb carbides after final annealing. 

[Scope of the Claim for Patent] 

[Claim 1] A ferritic stainless steel with improved 
workability and heat resistance comprising, on wt% basis, C: 
0.003 0% or less, N: 0.0050% or less. Si: 0.05-2.0%, Mn: 0.1-2.0%, 
Cr: 10-22%, Nb : (3 x 93/12 x C + 93 / 14N) %-l . 0% with the balance 
of Fe and inevitable impurities, which contains FejNbjC or FejNb 
as Nb precipitates formed after final annealing. 
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[Claim 2] A ferritic stainless steel with improved 
workability and heat resistance as defined in claim 1^ further 
containing, on wt% basis, one or two of Ti: (48 x N/14))% - 
0.5%, Al: (27 x) N/4))% - 0.02%. 

[Claim 3] A ferritic stainless steel with improved 
workability and heat resistance as defined in claim 1 or 2 , 
further containing one or two of Mo: 0.2-2.0%, and W: 0.1- 
2.0%. 

[Claim 4] A part for use in automobile exhaust systems 
comprising the stainless steel defined in any one of claim 1, 
2 and 3. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

This invention concerns a ferritic stainless steel 
having excellent workability and heat resistance used as a 
material, for example, of automobile exhaust systems, as well 
as a part for use in automobile exhaust systems manufactured 
from the steel. 
[0002] 
[Prior Art] 

Along with improvement of the fuel cost and increasing 
power of automobiles, the exhaust gas temperature has reached 
as high as gOO^'C and it is said that the temperature will be 
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further increased. Under the background, further improvement 
of heat resistance and improvement for the workability for 
making applied parts compact for the automobile exhaust 
materials is required. 
[0003] 

Heretofore, SUH 409, SUS 430J1L, SUS 436L, etc. have been 
used, for example, in automobile exhaust system materials. 

With a viewpoint of the improvement of the molding 
formability, it has been adopted a method of applying hot rolled 
plate annealing or a method of increasing the draft ratio in 
cold rolling during a manufacturing process. For example, the 
invention described in Japanese Patent Laid-Open No. 
264652/1991 is based on the condition of applying hot rolled 
plate annealing. 
[0004] 

For improving the workability as described above, it has 
been pointed out to anneal the hot rolled plate and further 
increase the draft ratio in cold rolling as important 
conditions. However, they are economically disadvantageous. 
In addition, high draft down ratio is difficult to be adopted 
in the cold rolling at present since relatively thick materials 
are used in the thin plates for automobile exhaust system 
materials and those having 1.0 to 2.0 mm thickness are used 
frequently. Furthermore, with respect to the heat resistance, 
particularly, high temperature strength, forms of 
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precipitates of Ti and Nb have significant effects. 
Accordingly, varied and complicated thermal hysteresis are not 
desired in view of control for precipitates. Further, since 
automobiles are used for a long period of time (to about 10 
years), a sufficient consideration has to be taken on the 
degradation of materials caused by long time use (lowering of 
high temperature strength). 
[0005] 

[Subject to be Solved by the Invention] 

In the design for the ingredients of high temperature 
material, improvement for the high temperature strength has 
been attempted so far by adding a great amount of strengthening 
elements. However, this deteriorates the productivity on the 
other hand to result in increased cost. Further, a great amount 
of alloys are added with a view point of attaining improvement 
of strength at high temperature for long time by the improvement 
of the strength for the side of shorter period, which can not 
be said to be an efficient material design. As described above, 
material design under deliberation for the high temperature 
and long time use has not yet been conducted. 
[0006] 

In view of the above, this invention intends to make a 
balance between insurance for the heat resistance in high 
temperature long time use and the improvement of the 
workability for making the part compact by controlling 
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precipitates at an initial stage. That is, this invention 
intends to provide a f erritic stainless steel of excellent heat 
resistance and workability capable of simultaneously ensuring 
enough high temperature characteristic even when the material 
is used for a long time by forming initial Nb precipitates in 
the form of Fe3Nb3 or FejNb under usual annealing conditions and 
not inquiring the workability upon fabrication of part by 
making the precipitates finer, 
[0007] 

[Means for the Solution of the Subject] 

In accordance with this invention, suppression for the 
lowering of the high temperature strength caused by high 
temperature, long time use and workability are insured by 
controlling, particularly, the form of Nb carbides. At first, 
it has been noted to increase the ductility at a normal 
temperature by more than about 35%. Conventionally, the 
workability was improved by sole or composite addition of Ti 
and Nb to fix C and N. In this case, while the addition amount 
of Ti and Nb are controlled for the lower limit so that they 
are in excess relative to the amount of C + N, only the MC type 
and Mn type carbon nitrides are taken into consideration. With 
the existent concept, no outstanding improvement can be 
expected for the ductility. 
[0008] 

It has been found that Nb-added steel shows higher 
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ductility in a case where M,C type carbides: Fe3Nb3C are formed 
and, in a case where FejNb are further precipitated than in 
case where the MC type carbides : NbC are formed. Further, 
the inventors have already disclosed that solid solubilized 
Nb is effective for the iir.provement of the high temperature 
strength, and that solid solubilized Nb as the high temperature 
strengthening element is consumed by the change of NbC into 
coarse M^C type carbides during high temperature use thereby 
lowering the high temperature strength. Also taking this into 
consideration, it will be effective to form Nb carbide as M^C 
type or FejMb just after annealing, also in view of the 
suppression of lowering of the high temperature strength in 
high temperature, long time use. 
[0009] 

On the other hand, for the precipitation in Nb-added 
ferritic stainless steel, the presence was confirmed by 
Nakamura et al. (Material and Process Vol . 4 (1991) andMiyazaki 
(et al.) (Material and Process Vol. 4 (1991)) as about 100 ppm 
for the amount of C, that is, higher by three times or more 
than that in the scope of claim of the present application. 
In this case, the Nb carbides are of a relatively large size 
and, in addition, they mention nothing for the precipitation 
form, the ductility and the lowering of strength after aging. 
[0010] 

Taking notice on the precipitation form, the ductility 
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and the lowering of strength after aging, the present inventors , 
have found the condition for forming the MgC type carbides or 
Fe2Nb more finely from just after annealing as C: 0.003 0% or 
less and Nb: (3 x 93/12 x C + 93/14 x N)% - 1.0% and have attained, 
simultaneously, suppression of the lowering of the high 
temperature strength occurred along with high temperature and 
long time use and improvement of the workability. 
[0011] 

That is, the gist of this invention resides in a steel 
comprising C: 0.0 03% or less, N: 0.0050% or less. Si: 0.05-2.0%, 
Mn: 0.1-2.0 %, Cr: -22% and Nb: (3 x 93/12 x C + 93/14 x N)% 
- 1.0% with the balance of Fe and inevitable impurities, which 
contains Y^^Wo^<Z as Nb precipitates formed after final 
annealing. 
[0012] 

In the steel according to this invention, it is possible 
to add one or two of Ti: 48 x (N/14))% - 0,5%, Al (27 x (N/14))% 
to 0.20% on the wt% basis and, further optionally, one or two 
of Mo: 0.1 to 2.0% and W: 0.1 to 2 % on the wt% basis. 
[0013] 

[Preferred Embodiment of the Invention] 

This invention will be explained more specifically. 
C: C deteriorates the formability, as well as has strong 
affinity with Ti and Nb to lower the high temperature strength. 
Accordingly, with a view point of making the suppression of 
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the lowering of high temperature strength in high temperature 

and long time use and the workability compatible, it is 

particularly effective to precipitate the same as M^C type 

carbides just after annealing. For this purpose, C is defined 

to 0 .003 0% or less and, correspondingly, the amount of Nb is 

also defined as (3 x 93/12 x C + 93/14 x N)% or more. 
[0014] 

N: N deteriorates formability and has strong affinity 
with Ti and Nb to lower the high temperature strength like C- 
Accordingly, it is desirably as low as possible and defined 
as 0.0050% or less. 

Si: Si is a deoxidation element and defined as 0.05% or 
more for ensuring oxidation resistance. Further, addition of 
2.0% or more causes remarkable hardening, it is defined as an 
upper limit. 

Mn: since this is a deoxidizing element, it is defined 
as 0.1% or more. On the other hand, since it deteriorates the 
oxidation resistance and also is an austenite former, the upper 
limit is defined as 2.0% with a view point of suppressing the 
formation of martensite. 
[0015] 

Cr: For ensuring the corrosion resistance as the basic 
performance of the stainless steel and insuring oxidation 
resistance at least at TOO^'C to insure the oxidation resistance 
capable of coping with increasing trend for the exhaust gas 
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temperature of automobiles the lower limit is defined as 10% 
or more. The upper limit is defined as 22% since addition in 
excess of 22% will deteriorate the workability. Further, it 
is desirably 19% or less considering compatibility between the 

oxidation resistance up to 1, 000*'C and the workability. 
[0016] 

It is particularly important with a view point of making 
the suppression of the lowering of high temperature strength 
in high temperature and long time use and the workability 
compatible to precipitate C as MgC type carbides and precipitate 
Nb itself as FejNb just after annealing. For this purpose, it 
is defined as 3 x 93/12 x C + 93/14 x N :s Nb. Further, increase 
of the solid solubilized Nb contributes to the high temperature 
strengthening but since addition in excess of 1.0% will degrade 
the toughness, it is defined as 1.0 % or less. 
[0017] 

In this invention, at least one of Ti and Al is optionally 
incorporated . 

Ti: Ti is added particularly with an aim of fixing N and 
it is defined as 48 x (N/14)% or more for improving the 
formability. On the other hand, since it deteriorates the 
adhesion of skins as one of oxidation resistant evaluation 
items, it is defined as 0.5% or less. 

Al: Al is added particularly with an aim of fixing N and 
it is defined as 2 7 x (N/14)% or more for improving the 
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f ormability . On the other hand, since in addition in excess 
of 0.020% will promote formation of acicular internal grain 
boundary oxidation caused by high temperature use, 0.020% is 
defined as upper limit. 
[0018] 

Further, at least one of Mo and W is optionally 
incorporated . 

Mo: Mo is an element enhancing high temperature strength 
and high temperature salt damage resistance. Since it 
deteriorates ductility or weldability, it is defined as within 
a range from 0.1 to 2.0%. Further, it is desirably 0.4% or 
more with a view point of the high temperature strength and 
the high temperature salt damage resistance. 

W: W is an element for enhancing the high temperature 
strength and the high temperature salt damage resistance. 
Since it deteriorates ductility or weldability, it is defined 
within a range from 0.1 to 2.0%. Further, it is desirably 0.4% 
or more with a view point of the high temperature strength and 
the high temperature salt damage resistance. 
[0019] 

Referring to the type of Nb precipitates just after 
annealing, in order to decrease the amount of solid solubilized 
C which is deleterious to the high temperature strength and 
the f ormability as less as possible in the Nb-added steel, as 
the condition for making the suppression of lowering of high 
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temperature strength in high temperature and long time use and 
the improvement for the formability compatible, the Nb carbides 
are formed not as the MC type carbides but as the MgC type and 
also Nb itself as FejNb just after annealing, thereby intended 
to make the insurance of the high temperature strength in high 
temperature long time use and the outstanding improvement of 
the formability compatible. 
[0020] 
[Example] 

Tested steels of chemical ingredients shown in Table 1 
were prepared by melting each by 2 0 kg by vacuum melting and 
applied with hot rolling pickling cold rolling annealing 
-> pickling to prepare steel plates each of 5 mm thickness. 
Mechanical properties of the steel plates at normal temperature 
are also shown in Table 1. Then, each of test specimens was 
sampled from the resultant steel plates and test for evaluating 
various kinds of high temperature characteristics was 
conducted. The evaluation conditions are as shown below. 

(1) High temperature strength: 0.2% strength at 95 0*^0 
was determined. 

[0021] 

(2) Oxidation test: After continuous oxidation at gsO^'C 
X 200 hr in an atmospheric air, 0.2% strength at SSO'^C was 
determined. Then, reduction ratio of the high temperature 
strength by continuous oxidation was determined. Further, the 
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state of peeling of oxide layers during high temperature 
tension was visually observed. Further, absence or presence 
of internal oxidation was also investigated by observation for 
cross section after the continuous oxidation. The results for 
the evaluation tests described above are shown in Table 2. 
[0022] 
[Table 1] 

Chemical ingredient of tested steels (wt%) and mechanical 



properties at normal temperature 



Steels 


C 


N 


Si 


Mn 


Or 


Nb 


Tl 


Al 


Mo 


W 


Formation of 
Fe3Nb3C just 
after 

annealing 


0.2% 
strength 
(MPa) 


Elongation 
at break 
(%) 


D1 


0.0025 


0.0045 


0.8 


0.6 


14.2 


0.42 




0.010 


0.5 




Formed 


290 


35 


D2 


0.0013 


0.0044 


0.9 


0.2 


13.5 


0.10 




0.009 






Formed 


285 


37 


D3 


0.0025 


0.0045 


0.8 


0.2 


15.0 


0.12 




0.013 






Fonned 


295 


36 


D4 


0.0011 


0.0043 


0.2 


0.3 


20.0 


0.32 




0.008 






Fonned 


290 


38 


D5 


0.0028 


0.0045 


0.3 


0.2 


17.1 


0.27 




0.007 






Formed 


285 


38 


D6 


0.0025 


0.0041 


0.6 


0.2 


16.5 


0.25 


0.02 


0.005 




0.7 


Formed 


290 


40 


D7 


0.0023 


0.0040 


0.9 


0.8 


16.8 


0.54 




0.013 


1.6 




Formed 


310 


35 


D8 


0.0026 


0.0046 


0.9 


0.8 


16.5 


0.43 


0.02 


0.015 


1.4 




Formed 


300 


35 


C1 


0.0024 


0.0045 


2.5 


0.2 


13.8 


0.06 




0,011 






Not formed 


345 


27 


C2 


0.0037 


0.0042 


0.8 


0.8 


16.5 


0.09 




0.012 






Not formed 


300 


36 


C3 


0.0051 


0.0045 


0.9 


0.8 


17.0 


0.22 




0.009 






Not fomied 


315 


33 


C4 


0.0045 


0.0045 


0.8 


0.7 


16.7 


0.31 




0.050 






Not formed 


315 


34 


05 


0.0025 


0.0101 


0.9 


0.5 


14.0 


0.14 




0.008 






Not fomied 


310 


32 


06 


0.0020 


0.0044 


0.7 


0.3 


25.1 


0.25 


0.72 


0.020 




3.2 


Not formed 


365 


27 


07 


0.0024 


0.0040 


0.9 


0.6 


16.5 


0.40 




0.010 


3.1 




Not formed 


350 


28 


08 


0.0023 


0.0043 


1.1 


0.3 


13.5 


0.41 




0.011 


0.5 




Not formed 


330 


27 


09 


0.0024 


0.0043 


0.2 


0.3 


19.2 


1.30 




0.011 






Not formed 


Test s 
impossibi 


pecimen 
e to sample 
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[0023] 
[Table 2] 



High temperature material characteristic of tested steels 



o 1 bhLo 


0.2% strength 
matenal ybO C 
[IVlraj.A 


0.2% strength at 950°C 
after continuous oxidation: 

950°C X 200 hr 


Reduction ratio of high 
temperature strength 
(1-B/A) X 100 


State of specimen after continuous 

oxidation: 950*^0 x 200 hr 


Intemal 
oxidation 


Peeling of oxide 
layer 


D1 


18 


17 


6 


Not oxidized 


Not peeled 


D2 


10 


9 


10 


Not oxidized 


Not peeled 


Uo 


10 


10 


0 


Not oxidized 


Not peeled 


D4 


14 


13 


7 


Not oxidized 


Not peeled 


D5 


12 


11 


8 


Not oxidized 


Not peeled 


D6 


16 


15 


6 


Not oxidized 


Not peeled 


07 


21 


19 


10 


Not oxidized 


Not peeled 


D8 


20 


19 


5 


Not oxidized 


Slightly peeled 


C1 


10 


8 


20 


Not oxidized 


Not peeled 


C2 


10 


8 


20 


Not oxidized 


Not peeled 


C3 


12 


8 


33 


Not oxidized 


Not peeled 


C4 


15 


9 


40 


Oxidized 


Not peeled 


C5 


11 


8 


27 


Not oxidized 


Not peeled 


C6 


13 


11 


8 


Not oxidized 


Almost peeled 


C7 


21 


20 


4 


Not oxidized 


Not peeled 


C8 


22 


20 


8 


Not oxidized Not peeled 


C9 


Test specimen impossible to sample 



[0024] 

The invented steels D1-D8 show less lowering ratio of 
high temperature strength occurred along with high temperature 
and long time use as low as 10% or less and has low strength 
also at a normal temperature and insure fracture elongation 
of 35% or more. In comparative steels C1-C4, the relation is 

3 X 93/12 x C + 93/14 x N ^ Nb and the lowering ratio of the 
high temperature strength occurred along with high temperature 
and long time use is as large as 20% or more. Further, CI with 
at high Si, C6 at high Cr , and C6, C7 and C8 at high Mo and 
high W show high strength-low ductility at normal temperature. 
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C6 at high Ti shows a result of violent peeling of oxide layers 
after the oxidation test. Further, C9 at high Nb shows low hot 
rolled plate toughness and, accordingly, cracks were formed 
frequently from the surface at the 1st pass of cold rolling 
and cold rolling was impossible. 
[0025] 

[Effect of the Invention] 

As has been explained above, since FejNbjC is formed as 
Nb carbides after the final annealing in the ferritic stainless 
steel according to this invention, the workability and the heat 
resistance can be insured simultaneously and they are suitable 
as the material for use in automobile exhaust systems. Further, 
when the invented steels are applied to parts for automobile 
exhaust systems, they can also provide an effect of being 
capable of making the parts thereof compact . 
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